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FOREWORD

This Staff Paper presents a concept of war gaming which is
under active consideration by ORO Study 15.1., It is expected to
yield quantitative results in the near future. GHowever, war gam-
ing and its application is now receiving such widespread consider-
ation by Army Schools, Commands and other agencies that a wide dis-
tribution of the concepts presented in this paper seesms desirable.

While this paper does not put forth specific conclusions and

recommendations which require Army action, it .s hoped that the
discussion herein will make a positive contribution to the
continuing evaluation of war gaming by Army agencies,




CARMONETTE
A Concept of Tactical War Games

INTRODUCTION

War Games

The mission of the TACSPIEL Study group* at ORO is to develop
war gaming techniques for research purposes at all tactical levels,
It is instructive to discuss briefly the connection between the
TACSPIEL tactical war games being developed at ORO and previous
efforts to use war gaming techniques for research purposes, The
war game or map exercise has been used for many hundreds of years
in an attempt to simulate military operations. Success in such
simulation would have the obvious and considerable benefit of test-
ing the value or effectiveness of new weapons, fighting techniques,
or war planx, However, all efforts to use the war game for such
purposes in ithe past have been severely hampered by a critical
limitation of the means ¢vailable to conduct such war games,
associated with the uncertainty or play of chance which is so
prominent a feature of warfare, Thus, since even in principle we
may not assume the outcome of any given battle as a certainty,
the outcome of battle must be measured by the probability with
which various alternative results uay be expected. Therefore the
results of a single war game will indicate at most but one of the
possible outcomes, It will be necessary to repeat the battle
calculations allowing nothing but the play of chance to vary and
so identify the spectrum of the possible outcomes and the associated

frequency distribution.

A second requirement of the war gaming process is that a
comparison be possible between the outcome of the battles using
one weapon system and the outcome of similar battles using another
weapon system, all other things bteing held fixed,

In other words, we must be able to repeat the battle simulation
many times while holding fixed all parameters except that one under
investigation,

*0R0 Study 15.1; CDOG para 120 h,
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Attempts to repeat map exercises 'played by hand" wherein
numerous decisions are made throughout the battle by the human
player have floundered on two points: (1) the intrinsic complexity

of battles results in each game involving sometimes dozens of
weeks, or even months of their time to complete

players and dﬁi7,
Repetition of such games a hundred times or more,

a single game,
aven if possible, would be prohibitively expensive, (2) The require-

ment that all parameters be held fixed except that one under
investigation during these numerous games is frustrated by the
dependence on the intuitive Jjudgment of the human participants
during the play of the game. For example, the pliyers must resist
the temptation to use in later games lessons learred in previous
games, so long as such learned tactics themselves are not the

variable being investigated,

Any serious attempt to use operational simulation for war games

as a research tool must therefore cope with these two problems., A
most essential feature of CARMONETTE is that it provides for the
codification of all the decision processes occurring in the battle
so that once stated, those decisions may be accurately repeated as
many times as is required.* Once this has been done, not only is

it possible to repeat battles with all factors truly constant except
the one under investigation, but also mechanical computing aids may
be used to interpret the c~dified decision processes and speed up

the overall operation by factors of perhaps a thousand., In this
way we hope to apply the war game CARMONETTE to problems of military

interest identical to those posed by professional military men for
hundreds of years, but cn a vastly larger scale.

Conversely, we muct anticipate the same fundamental limitations

on theoretical analysis using CARMONETTE as has always restricted
the use of theoreticel calculations to predict the future, Theoretical
analysis not associated with a substantial experimental program is

of very little value,

* This does nct eliminate judgment from the game, for that is
impossible, Command decision—human decision--—is the essential
component of the operation of any organization. The effect is to
require that judgment enter the play of the game in the form of
rules formulated by experienced and responsible authority. When
a war game is applicd for training purposes, carefully controlled
exceptions must be made to this requirement., This is discussed

briefly in the last section of this paper,
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CARMONETTE V
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CARMONETTE is a mathematical model ~f battle, of Monte Carlo
type, which simulates in a simple straightforward manner, the step
by step progress of an isolated battle, It is designed so that all
the calculations may be carried out on standard general purpose
digital computers, except that a limited number of high level
decisions may be injected into the battle during the calculations,

\meranda have-been published describing the pre-=
liminary work:

CARMONETTE consists of two parts, The first, which details the
manner of simulation of the combat activities of the individual
participants in each battle, is in a high state of development. The
second part; which deals with the integration of these separate
combat elements into sensible and meaningful battles, is less well

established,
~

There are numerous new concepts of warfare requiring investiga-
tion, -Figure 1 (V3182) lists important factors which must be - .
considered in determining the feasibility of such concepts, Ultimate-
ly all these factors must be investigated. For the moment let us
consider CARMONETTE as a war gaming scheme to determine only the
combat effectiveness of small units empioying the new concept, In
the present instance, the small units of interest are of around
company size — some hundreds of men and some dozens of heavy
weapons like tanks. For example, the concept may irvolve a
radically new tank design., Figure 2 (V2705) lists the organization
that might be associated with an armored unit using new tanks., It ~ -
might include 18 tanks, 2 platoons of infantry, some mortars, and
perhaps some special weapons such as surface-to-surface guided
missiles. (CARMONETTE has the capability of including up to 36
independent combat elements on each side.)

Structure of Battle

Our problem is to design a model of battle which can simulate
typical or critical combat actions to test the effectiveness of the
proposed tank company. Figure 3 (V2891) indicates the distinct
components of such battles which must be provided by the model,
First there are the ACTIONS of the distinct combat elements —-
separate tanks and small groups of men like the squad or a gun crew.
Secondly there is the UMPIRE function designed to monitor the
exchange of informaticn and the information gathering procedures
of the distinct combat elements so as to limit these processes

N
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according to the restrictions imposed by the performance character-
istics of the hardware and the cover and concealment associated
with the terrain. The calculations of ATOMIC CASUALTIES resulting
from the use of atomic weapons is not a distinct component of
battle but involves such special problems and massive calculations
that it is here listed separately. The TACTICS routine is responsible
for integrating the Separate combat actions of the individual
combat elements into a sensible battle. Finally, the interactions
between one combat element and another, especially the commanders of
the various tactical units, make use of the company communication
system which is therefore an important component of the battle to

be simulated, These routines are assembled into a battle by the
CLOCKS routine which orders the different events in time,

I will first describe the manner in which the separate ACTIONS
of the combat elements are simulated and mention the nature of the

COMMUNICATIONS and UMPIRE routines, Next I will discuss our
proposal for simulating the major tactical decisions of the unit
commanders who must integrate the individual actions into a sensible
battle plan, Finally I will note briefly some points bearing on

the application of the model.

SIMULATION OF SEPARATE COMBAT ELEMENTS

1101 Computer Battle Film

To get across the idea of these combat actions I have included
stills from a cartoon using trial results of some early test battlesg/
programmed for the ERA 1101 computer to investigate the technical
feasibility of CARMONETTE. The battle depicted for this cartoon is
not presumed to have any particular military significance although

it has been put in a setting in Western Europe of some intrinsic
interest, The battle takes place on a piece of ground a little over
a mile square, about 50 miles south of the zonal boundary in Bavaria,
Blue is deployed as shown on the west (Figure 4) and is ordered to
attack Red on the northeast, Blue consists of a reinforced tank
company of 3 tank platoons, a platoon of armoreéd infantry, and a
battery of 4.2" mortars (not shown on the map). This is a total of
17 tanks, 3 squads of infantry, and 12 mortars. Red consists of a
company of ten T34 tanks, a company of five SU 100 self-propelled
guns, and a company of nine squads of infantry., Figure 5 shows the
initial position of the separate combat elements with reference to
the 100 meter grid square system superimposed on the map., All the
maneuver of the combat elements is related to these 100 meter grid
squares, The Blue tank platoon to the northwest is to remain in

et
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position firing on the Red forces while the remaining Blue units in
the southwest make a frontal attack up the hill into the Red
position. As the attack starts (Figure £) the assaulting Blue units
start to move towards their terrain objective. Figures 7 thru 12
depict the movement of the assaulting Blue forces during the first
15 minutes of the battle simulation during which time (for these
trial calculations) there was assumed to be no firing., Firing
started at 15 minutes of battlefield time and Figure 13 shows the
state of the battle at 16 minutes battlefield time, one minute after
firing started. Notice the casualties are .lresady very heavy --
Blue has lost 6 tanks and Red has lost three., Figures 14 thru 20
give the further progress of the battle at 2 minute intervals until
at 30 minutes battlefield time the calculations were halted. While
it is not appropriate to say the battle ended at this time, the
casualties were so heavy, 11 Blue vs 8 Red tank casualties, that the
battle may for all practical purposes be considered over. The

basic combat actions of the combat elements in CARMONETTE are those
demonstrated by the cartoon — actions of fire and mai.-~uver and the
associated decision processes. However, the detailed calculations in
CARMONETTE are a great deal more extensive than those used for the

cartoon battla,

Battlefield Time

Before describing the simulation of individual events or actions
it is appropriate to mention the way in which these are sequenced in
time. Each unit has associated with it "alarm clocks" or numbers
giving the time at which it will next be able to act. At the
beginning of the battle (time zero) these clocks will all be set at
a few seconds unless some units have been prohibited from moving or
firing. The CLOCKS routine examines the clocks and finds the one
with the smallest time. This corresponds to the first event that
is scheduled to happen. This becomes the new battlefield time and
the machine psrforms the calculations required to simulate the event.
Suppose it was the firing of a tank. That tank's clock will be reset
for the time at which it will be reidy to fire again. Other clocks
may be reset (for example the clock of the enemy fired upon might be
reset to allow it to return fire imuediately). The clocks routine
then determines the next event, the battlefield time is adjusted,

and calculations continue,

Firing Actions
As was indicated by the cartoon, the units in CARMONETTE from
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time to time fire upon selected enemy units. For the cases of greatest
interest, single shct kill probabilities are suificient to measure the
performance of the gun., Of much greater intercst, however, is simula-
tion of the process of surveying the battlefield to discover enemy units,
applying a priority system to select a target and the final decision to
fire orn the target, Figure 21 (V2661) indicates the intimate connec-
tion between the firing decisions by combat elements and the decisions
to move, Note that the upper part of the figure indicates the unit
will be given an option to fire only after it declines an option to
move, Only in special circumstances is a unit first given an option to
fire as in the lower part of the figure. In this special case, if the
unit declines an option to fire, he is then offered an option to move,
Thus the actual decision process carried out by each combat element at
frequent intervals throughout the battle may be considered as involv-
ing a selection of one of four alternatives: (1) to move; or not move,
and (2) to fire or (3) prepare to fire or (L) decline to fire, Clear-
ly the move portic.. of this calculation, since it ordinarily comes

first, is the more fundamental,

Terrain Quantification

Figure 22 (V3125) shows the complete history of one of the Blue
tanks throughout the cartoon battle. It is apparent that the progress
of the Blue tank towards the terrain objectives resulted from a series
of discrete moves from one square to an adjacent square, The decision
process associated with selecting a particular adjacent square as the
next position to be occupied in the course of the assault is the most
fundanental decision process carried out by the individual combat
elements., In order to effect sensible simulation of the activities of
a real tank, these moving decisions must be intimately related to the
torrain features, Therefore, the average value of important terrain
characteristics for ea.h squere must be identified, stored in the com-
puter, and allowed to influence the move choice, Figure 23 (V771) in-
dicates the level of approximation associated with squares of this size
for the cartoon battle and the types of terrain features of interest.
On the cartoon battlefield there were 2L x 24 or 576 squares. For each
square there was stored the degree of average concealment to be asso-
ciated with the vegetation on the square in 5 steps, varying between
open fields to dense forest. In addition, for each square was stored
the elevation to the nearest meter, Finally, the presence of selected

terrain features was noted, such as swamps or roads.

CARMONETTE provides an increase in the number of squares to
36 x 35 or 1296, and a conside:ible increase in the information stored

for such terrain features, The most significant additional terrain
feature included in CARMONETTE involves terrain features we may term
"vector" in nature, Thus Figure 23 indicates only the "scalor"

17
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terrain ciaracteristics of each square; that 1s, characteristics of
the square slone which do not depend upon its neighbors. However,
consider Figure 24 (V2634) which is a schematic representation using
the 100 meter grid squares of a typical combination of improved and
unimproved roads, a river, a bridge, and a river fording site. In
this case it is clear that one cannot characterize the terrain
features to be associated with the central square except by identify-
ing the appropriate adjacent square. Thus an improved road leads
from the central sauare to the west and to the northeast. An un-
improved road leads to the southeast., No road leads to the north-
west, the south, the southeast, or the east. Movement to the north
is only possible if the vehicle is capable of fording the stream.
Movement to the northeast can be interrupted if the bridge is
damaged., Thus these terrain features have a direction and are

properly termed vector terrain features.

Given such informaticn about the terrain it is possible to cause
a tank or other combat element to make each move dependent upon the
terrain characteristics., As is indicated by Figure 25 (V782), the
basic move decision involves a selection of one of the 8 adjacent
squares as the next position to be occupied (or a decision may be
made to remain on the present position). The general nature of the
factors we should expect to influence this choice are listed., The
first, exposure to enemy positions, and the third, desirable
terrain, depend upon the quantification of the terrain just described,
The move is likely to have & preferred direction (associated with
the terrain objective) and, further, to be influenced by exceptional
circumstances such as the knowledge that the tank is under fire or
the inhibitions produced by the presence of friendly knocked-out

tanks,

Before describing how these other features are to be handled in
any detail, it is obvious that the computer move calculations can
be made to depend on all terrain data stored for each of the adjacent
squares in question., Note that the computer is capable of examin-
ing the existence of a physical line-of-sight between any and all
units using the elevation stored for each square; and further,
qualify the existence of such a line-of-sight by the influence of
concealment afforded by vegetation, and thus obtain the degree of
exposure to the enemy to be associated with each of the 8 adjacent

squares in turn.
The essential calculation to be made involves summing the rela-
tive desirability from the point of view of the tank commander, of

each of these squares in turn, using the types of data available, and
then to select one of these squares on the basis of the weights so

derived,
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Before discussing in detail the specific procedure used in
CARMONETTE for this weighting process (a matter of secomdary interest)
let us consider the more basic problem of what will be done with the
weight—that is, the way in which one square will be selected., Figure
26 (V3221) graphically illustrates this point., In fact, CARMONETTE
proposes to use the weights developed by the scoring process, no matter
how they are derived, as giving the relative probability that the tank
will choose a particular square. This calculation will therefore be of
the "Monte Carle" type much used by applied mathematicians since World
War II. This interpretation of the rating process has far-reaching
consequences since it introduces the play of chance into the battle
calculations from the very beginning, Therefore, the results of any
particular calculation have ne general significance, Each battle must
be repeated a number of times sufficient to generate the usual statis-

tics associated with distributions.

Some Trial Battle Results

2

Figure 27 (V775) is a scatter diagram of the results_/ of 50
repetitions of the "cartoon" battle which differ only due to the play
of chance. The diagram indicates no strong correlation between the Blue
tank losaes and the Red tank losses. Figure 28 (V3219) shows the
actual distributions separately--the average Blue logses being 10.4
tanks per battle and the average Red losses being 7.1 tanks per battle,
Both distributions may be considered to be samples drawn from a
Gaussian population within the usual confidence limits., Figure 29
(V3220) indicates the conmvergence of the mean with increased mumbers
of battles. The difference between the mean Red tank losses and the
Blue tank losses are statistically significant at a very high level.
For this series of battles, therefore, 50 repetitions is an adequate
sample size to determine "winners" by comparing mean lesses for all

except the most marginal cases,

To demomstrate the sensitivity of the model to changes in the
performance characteristics of a weapon system, a second series of
50 battle calculations were made. In this case, the 17 Blue tanks were
replaced by 17 hypethetical light tamks, with a drubled cross country
speed and the rate of fire, but substantially reduced armor thickness
and gun power. All other factors were unchanged, Figure 30 {V1187)
gives the frequency distribution of tank losses fer this second series
of battles, Here the mean Blue tank losses were less than the mean Red

tank losses at a very high level of confidence.




Figure 2€
Sample weighting factors inscribed in each of 9 squares &1€
associated with probabilities by comparison with roulett®
wheel., A sinele spin of wheel then "selects'" next squal®
and thus determines movement of tank,
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Significance of Probabilistic Model

It is evident that the above interpretation of the ratings as
probabilities carries with it a high cest since it will therefere be
necessary te repeat the calculations many times so as to determine the
distributions, Let us examine the argument in support of this cheice
as against the simpler alternative of causing selection of that square
with the highest rating to be a certainty, I offer three arguments in

support of this choice,

Perhaps the mest fundamental reason relates to the preference fer
a system which permits, at least in principle, direct verificatien by
experiment, Thus, if it were desired te conduct a field experiment 'n
vwhich a representative group of tank commanders were requested, in
identical circumstances, to identify the square to which they would
move, then we can be sure that the group would frequently demenstrate
a variation in their choice. Therefore, the experimental raw drta
would surely be a prebability distributien, and the medel must provide
for its use in that form. Clearly an experimental program designed to
determine such data for a variety of battle situations and terrain
types would be of tremendous size and cost., Yet the model must cer-
tainly be compatible with the nature of the experimental evidence which
may become available as a matter of principle and practice,

A second reason for the preobabilistic irterpretation is that in a
sense it automatically compensates in a simple and straightforward way
for the uncertainties bound to be associated with any particular rating
process used, Thus, if the rating process used were to produce roughly
equal scores fer several squares, interpretation eof these scores as
relative preobabilities avoids what must surely be an arbitrary and
unsatisfactory selection of the ene with a trivial superiority.

A third reason which supperts a probabilistic interpretation
relates to the consequent possibility of investigating directly the
sensitivity of a mechanical weapon system (with which there may be
associated omnly small uncertainties) te variations in component per-
formance resulting from the human factors which complicate the analysis
of any real weapon system, In effect, the prebabilistic interpretation
is more consistent with the performance of man-weapon combinations and
permits a more direct attack on the problems of such combinatioms than

would any system which exciudes probability,

We conclude that though the price is high, here and elsewhere
througheut CARMONETTE, the preference will be for similar probabilistiec

interpretations.
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The Terrain Feature Rating Process in Detail

Now that we have discussed the probabilistic character ef the
model, we will return to a descriptien of the details of the weighting
process, Figure 31 (V2853) indicates that the final rating (W) for
each square will be taken as the sum of 6 distinct components, Anrd
that each component is the preduct of one factor, the "L" values, to be
associated with the battlefield, and a second factor, the "a" values,
to be associated with value judgmenis er command decisions by the unis
conmanders, Ultimately the "a" values will provide the means by which
individual actions may be assembled 1.0 a sensible battle reflecting
the plans and will ef the commander,

The L values or "facts" of the battlefield are each associated
with a distinct class of facts, listed in Figure 32 (V2869), The
intent is to use the terrain features of the battlefield im conjunction
with each man's knowledge of the disposition of the enemy and the
charactaristics of his own unit in the construction of these L values,
Notice that and L, comprise an assessment of the desirability of a
square in teriis of ifs defensive potential, And that L, and L, provide
the basis for an assessment of the desirability ef each square from an
offensive point of view; that is, the speed with which he can move
across the square and the danger resulting from exposure to the enemy
in the p~<.ess, L, judges the square according to whether or not
mo-remen’. 6 the aqgarc will result in breaking formation. Each of the
¢ uare+ 1s also scored on the degree to which movement to that square
is in “he preferred direction. Referring back te Figure 31 we may new
observe the significance of the “a" coefficients, Their purpese is te
adjust the influence of each of the first five components relative to
the influence of the sixth component. Thus, we see that if a parti-
cular coefficient is set to zero, as the extreme case, the tank com-
mander will no longer allow his movement to be influenced by that
factor. For example, bold, even reckless, attacks will be associated
with small values for the a; thru a, ceefficients, with the result that
units will tend to take the most direct route to the te ‘~in objective,
Cautious; fast moving attacks will be associated with higi values feor
a, but lower values for a,, a5, and a;, Extremely cautious attacks
wguld require high values for all the coefficients,

As a general rule the L values to be associated with a given
combination of terrain features and other battle parameters are to be
stored in the computer in the form of extensive function tables.
Recourse to formulae will be made only after the memory capacity of
the computer is substantially exhausted by the tables.
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Square Weights

where

L;-Lg= Battlefield

and
a,---0g= Adjusted by Chief
to meet changing
circumstances

_a

Figure 31

L, = cover & concealment (defense)

L= man made objects
L3 = trafficability (offense)
L4 = fields of fire

Ls = dispersion

Le= terrain objective

Figure 32
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Te illustrete the connection between various battle facters and
these L values, I will discuss the construction of the L, value,
“Fields of Fire." The L, value itself is related te a number of battle
pirameters indicated by Figure 33 (V2860). This is the mest complex eof
the L value components since it imcludes the essantial cross terms with
the other compoments, It cam take on both positive and negative values
corresponding to a desirable or undesirable combination of circum-
stances. The numerical value of the right most bracket is prepertional
te the threat associated with a particular square by virtwe of the
existenco of enemy units who can observe movemeni on a2 square se far as
is knewn or suspected by the tank commander., The three compoments of
this bracket (Ll;l’ L;», I’h ) cerrespond to different degrees of cer-
tainty in the mind oéztho ank commander as to the exictence and type
of these enemy units, The coefficients by and b, degrade the influence
of the less certain information, Function tebles invelving type of
enexy unit, range, type ol friendly unit, and similar factors yield
the L3, Lo, L2 values., Note that the L,, value is the most specula-
tive of the 3 classes of combat inteiligenceé since it refers to enemy
units whose presence is only inferred from the excellent ebservation
provided by the terrain feature if the enemy were to occupy it. There~
fore, a large value for the coefficient b, corresponds to an exceed-

ingly cautious tank commander,

The left most bracket on the right hand side of the L, equation
enhances or degrades the influence of the right most brackét according
te the degree of cover, concealment, and trafficability afforded by the
square, These are the cross terms with the other L value compenents.
The intent is to qualify the threat implied by large values of the
right hamd bracket depending on whether the local cover will permit
enemy observation of movement within the square,

Combat Intelligence

The previous discussion gemerated a requirement for classifying
the tank commander's kmowledge and opinion ef the enemy's type and
position. Figure 34 (V2865) lists the general classes of such know-
ledge. It ranges frem precise and accurate knowledge of type and posi-
tion through general knowledge of position and 2n estimated type (may
be inaccurate) to a completely erroneous belie. as to the position eof
an enemy unit, CARMNETTE provides for the generation of distinct
knowledge and information fer each separate unit on the battlefield.

There ars three sources ¢f information of an individual's knoew=

ledge about the enemy: (1) a direct and comtinuous survey of the
battlefield making use of the UMPIRE routine, (2) a special calculation
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Fields of Fire
La=[Ci(liL2)+Ca(L3)][Lar«biLaz+balas]
where L4, 2 Class | &€ 2 Combat inteiligence
Leez " 3 '
L43 ® Good Firing Positions

Ci(L L) = Cross terms with cover and
concealment factors

Co(L3) = Cross terms with barrier

b b, = Doctrine andsor training coeff

L0003
[ T\,B

Figure 33

I. Known—ldentified Enemy

2. Position Known—Type Estimated
a. MG (inf)
b. AT gun
c. Tank
d. Inf.

3. Position in Error
a-d. as gbove l
e. ldentified

Figure 3L
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associated with the likelihood that the firing ef one's weapons may
reveal one's position te cnemy forces and (3) messiges received through

tre communications system,

Uspire Routine

The umpire routine at regular intervals throughent the battle
considers the mode of behavior ef each combat element on the battle-
field in turn. The result of such consideration is a list of those
enemy units the combat element may be considered as having under
observation. The calculations make use of function tables with the
dimensionsc of range, type of uait being ebserved, its general activity,
its previous exposure history, and the activities of the observer.

This survey of the battlefield will be programmed to be completed once
each 2 seconds of battlefield time,

Firing; Disclosed Position Routine

Each individual's knowledge of the enemy may also be added to
immediately after an enemy unit fires its weapons (Figure 21). Again
the calculation makes use of function tables with substantially the
same dimensions as those used by the umpire routine, Data acquirasd
during a recent field experiment, PINPOINT, will be used for these

calculations,

Communications System

When z unit comes inte the possession ef new informatiom (ordi-
narily imformation about enemy position and type), he may, depending
on established communication procedures, transmit this informatiom
te selected friendly units, Figure 35 (V2863) indicates in its upper
half the general steps imvolved in the transmissiom of this informatiem,
and in the lewer half gives a compact representatior of the combat
elements which may communicate directly with one another. Interpreta-
tion of this form, which is based on the binary numver system used in
the computer, is straightforward., Each column is associated with a
particular combat element including the unit commanders. Each rew
indicates by 1's in the appropriate coiwmn that cembination of combat
elements vhich may cemmunicate with ome anether, Feor example, the
first columm stands fer the company commander, the second column stands
for the cemmander of the assault group, the thirteemth columm stands
for the commander of the base of fire group, and the thirty-second
column stands for the commander of the supporting artillery plateon.
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Communications
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ASSAULT BCEEENE T 1)
BASE ® o o pese o
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Figure 35

This illustrates the methcd of simulating the communication
system. The upper flow diagram indicates the principal steps

in the calculation. The lower half of the figure shows sche=-
matically by each row the members of a particular communications
net,
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The first rew, therefore, indicatss that the abeve named individuals
comprise one communication net, This particular means of representing

infermation facilitates calculations by the computer,

Infantry Units

Se far as their movement is concerned, the infantry squads (or
in speeial cases platoons) move as & unit from square to square,
However, the weapon system is complex; hence the different types ef
weapons must be sreated distinctly. In CARMONETTE each member ef the
fundamensal infantry unit (uswally the squad) is sreated separately se
far as weapens fire, ammunitien stecks, and casualties are comcerned.
Figure 36 (V2868) indicates the compact form used to store dats imdica-
ting the types of squad members. Kach column correspends te a partic-
ular member of the squad as is indicated on the diagram. Again this
scheme for storing information is designed to facilitate cemputer
calculation since it depends on a binary form which is used fer 2il

infermation retained by the computer.

A TACTICS ROUTINE FOR COMMAND DECISION

We have described a model fer the simulation of an ordered
sequence of combat actions by the combat elements on each side.
However, we have not described a mechanism that will insure a sensible

sequence of actions.

It will be recalled that a number of parameters and coefficients
have been introduced in the course of the discussien thus far whieh
can profoundly alter the character of these calculatiens. These
include (1) the "a" ceefficients (Figure 31) which have a very strong
influence in the way in which combat units react to the situatien
areund them in their moving deliberations; (2) the lecation of the
terrain ebjective which by it¢s pesition relative te the enemy may
cerrespond te such extremes as attack or retreat; and (3) the prierity
system to be asseciated with the selection of targets which includes
the eption te decline te fire. Evidently if the sequence of actions
is te be arranged in a sensible way we can most_sasily de so by
apprepriate adjustment of these general parameters, Im other werds,
we have the means of implementing a sensible plan ef battle if we ean
provide for the generation of a semsible plan of battle, The TACTICS

routine has this as its primary functien,
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In effmct the TACTICS reutime is simulation of the deliberatioas
of a cemmander as he generates a plan of action sensibly related te the

course of battle up to that peint,

Hypethetical Battle

Te clarify the legic of the decision process let us begim by
considering the fertunes and misfortunes of a small armered foermatiom
as it strikes deep inte enemy ter:itery. Figure 37 (V2706a) indicates
the first phase of an engagement ferced em a Blue cempany commander,

He is proceeding im celumm aleng the read tewards the mortheast wheam
he is breught te a halt by the fire of a powerful antitank gun im pesi-
tion just te the east of the bridge. We may imagine that the Blue
comsander surveys the situatiom and withim a few seconds issues orders
for an attack as indicated: the first and third plateons im the colwmm
te take up cevering pesitions; the second platseon te flank the Red
antitamk gurt en its left; the third plateen is te send eut a small
patrel te imvestigate the enemy's right flank. The fourth plateom
takes up a defiladed positiom te sepport the assault by indirect fire.
The second phase of the battle develops whem, as indicated by Figure 38
(V2706b), the assault platoom comes under the fire of a stremg enemy
force believed te be im company strength. Simultaneeusly the patrel
cressing the river to the nerth discovers only light resistanee in
plateon strength. The reactiem of the Blue cemmander is te place a
small yield muclear weapen on the Red pesitien, Figure 39 (V2706d),

and withdraw {he ferward elemements of the assaultimg plateom back
across the river to take up a ceverimg positien. The left plateon them

is designated the assaulting group, Figure 40 (V2706e¢).

During the hypethetical actiom just deseribed, the Blue cempany
commander twice made a major tactical decision drastically imfluencing
the detailed combat actions ef all ef his subordinates: first whem
the umits depleyed from their celumm fermution te attack the enemy's
left flank; second when the Blue coapazy cemmamder halted this attack,
caused the use ef a nuclear weapom, and ordered a new attack en the
eneny's right flamk, The TACTICS reusime is required te simulate such

majer commamd decisiens,

If we had inspected the abovs battle in mere detail, we would have
noticed a larger mwmber of less drastic decisioens by suberdinate com-

manders, decisioms hewever having the same gemeral character and conse-
quences as the cempany cemmamder's deliberatioms. The TACTICS routine

®Ri:t simulate these decisiexs as well,
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Figure 37

First assault plan implemented by commander.

Figure 38

Contact intelligence generated by maneuver.
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kig 39 Nuclear fire is placed on enemy concentration

Fig LO Revised assault plan
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Clearly either of the attack plamns selected by the company eom—
mander in the preceding example cowld be implemented by the mechanisms
already describhec fer CARMONETTE by apprepriate cheice of the mumbers.
Purther the CAFMON'TTE mechanisms already described provide fer
exrlicit descriptien ef the knewm er suspected enemy pesitions which

triggered the coapany commander's decisionms,

The logic of Decision Precess

Let us start our consideration of the commander's decisiom process
by 1isting in Figure 41 (V2767) the facters a commander is taught te
consider by the military colleges, Further let ws recall the sssential
elements earlier feund te apply te decisiems by imdividwsl tank cem-
manders., These were (1) a quantification ef the terrain, (2) the
construction of a mutwally exclusive amnd exhaustive list ¢f altermatives
(the 8 squares plus the square eccupied), amd (3) a weighting system

which described the relative desirability ef these alternatives., We
may expect the routine which effects a tactical deeisiem fer the company
commander te fellew this same pattern modified as may be required fer

the change in scale,

The first requirement is fer a scheme to quamtify the terrain., An

examinatien of military documemnts discussing tactical dectrine shows
quite clearly that the quamtification must be in terms ef irregularly
shaped areas, approximately homegeneous with respect te some important
terrain feature such as hill tep, valley, ferest, field, or village.
Figure 42 (V2706e) indicates hew the sample battlefield may be broken
up inte a small number of such areas. We may expect, therefere, that
the second and third steps im the tactical deeision precess will
invelve a comsideration of alternative pesitions and assault routes
described in terms ef the particular terrain feature areas they involve.

Now if we seek te compose a mutually exclusive and exhaustive list
of the alternative assault routes amd everwatching pesitions available
te the company cemmander using all possible comhinatioms of these tact-
iezl areas witheut restriction, then the number of such alternatives is
surely astronemical. In other word: there are uncounted billiens of
possible combinatioms of treops and reutes implied by the number of
tactical areas, We must, therefere, seek an approximation of the list
of alternatives which is sufficient fer eur purpeses and which repre-
sents fairly the number of alternatives actually considered by the

company commander.




Tactical Decision
¢Estimate of the Situation
» Mission
°Own Capabilities
; sEnemy Capabilities
¢ Terrain
»Select Decision

¢ Transmit Decision

Figure L1

Classical elements of the tactical decision process.

Figure L2

Identification of principal terrain features.




Alternative Ass .t ites
Certain elementary constraints may be placed on the formation of
assault routes to help to reduce their number., For example, the
constraints applied may be (1) each assault route will start at the
initial position of the unit and terminate at the terrain objective of
the unit, (2) no particular assault route will pass through the same
area twice, and (3) no particular assault route will pass other than
directly between two adjacent areas, Figure 43 (V2706f) shows about 55
possible assault routes which meet the above requirements. Evidently
additional restrictions must be applied to further reduce the number of

alternatives.

It is desirable to avoid introducing sophisticated military judg-
ments at this early stage in the TACTICS routine., We have not yet been
able to formulate a single additional rule which is sufficient to
further reduce the number of alterrn.tive assault routes to the order of
ten without in the process discarding the (intuitively) sensible
routes, However, it seems likely that by a judizious combination of
the requirement "all routes must have no areas ir common, except their
end points" with certain simple geometrical considerations, the desired

reduction may be acquired,

For example, Figure 4k (V2706g) shows 5 routes which remain when
the above argument is applied to the 55 assault routes shown in
Figure 43. Thus if one first selects that route which proceeds most
directly from the present position to the terrain objective, and then
determines the additional routes which :re mutually exclusive in terms
of the terrain areas they traverse, then uniy 3 assault routes remain,
Figure L} shows these 3 routes plus 2 additioral routes which are
distinct from the other 3 along most of their length,

Also identification of extremely impenetrable barriers or other

undesirable terrain features will be used to reduce the number of
assauit routes quickly.

It is our contention that appropriate combinations of the above
rules may always be formed which are sufficient to reduce systemati-

cally the number of competing assault routes to the order of ten,
Clearly the applicavion of rules of the above type may be effected by

a digital compnter,
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Figure 13

Dotted lines indicate location of all
possible assault routes associated with
given breakdown of terrain features

Figure UL
Dotted lines indicate principal assault routes
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Alternative Task Force Organisiations

The alternaiive attack plans eonsidered by the cempany cemmapder
inelude not enly various assault routes but alse various cembinatiens
of treeps to lead the assault while ethers stay behind and cover the
assault with fire, Suppose, fer example, that the compemy commander
has 6 platoons under his command; 3 tank platoens, 2 imfantry platoens,
and 1 indirect fire or heavy weapomns platoon., Various combinations ef
these platoons ceuld be assigned the several missions. Again the
number of possible permutations of these groups when combined with the
order of 10 alternative assault routes gives rise te hundreds or
thousands of alternatives -~ an unmanageable variety. But military
tactical doectrines have muech te say as to what are and what are not
reasonable combinations of units. For example, & net imprebable

principle te be applied by the company commander is that tank units
are net committed without accompanying infantry. If that doctrine is
applied in the present case, Figure 45 (V3186) indicates permissable

combinations, The first 4 combinatiors exhaust the pessible 3 group-
task forces composed frem the 6 platoons under the restriction that
tank units are never assigned without infantry and may net be held im
If the last rule is relaxed, 5 additional pessibilities are

reserve,
obtained,

It should be clear that the application of dectrinal statememnts in
the manner just described appears te be the fundamental justification'
for the existence of doctrine., In other words, the dectrines taught at
military scheols are very general and pewerful rules basec on much
experience which the inexperienced can apply quickly te a problem se
as to reduce it to manageable form. Therefore, “he Hrocedure just
described is not proposed as an arbitrary or ar*ificial ome designed
~erely for matters of economy of computer time r te simplify eur
problem; rather we propose that this process faithfully simulates the '
general characteristics of the actual cemmand decisiom process,

Weighting of Alternative Attack Plans

At this point we have composed a limited 1list of alternative
battle plans which we will take te be approximately mutually exclusive
and exhaustive, Therefore, only the third step remains — selection of
one of these on the basis of a rating process, These ratings will be
derived as follows, The computer will simulate the carrying out of
each remaining assault plan in gress terms, the units being plateons
instead of individual tanks; movement being from one terrain area to
another terrain area instead of from ene small grid square te another;
casualties te be the expected casualties as a certainty instead of
being determined by sampling from the population distribution. In this
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POSSIBLE TASK ORGANIZATIONS
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vy there wil! bte determined fer each attach plan the cest te Blue of
achieving his odbjective im terms of equipment lest, casualties, and
time consumed together with the corresponding cost te the enemy.

The precedure for deing this ha., been worked out in detail several
years ago by Dr. W, E. Cushen3/ and is one of the twe publications on
whieh CARMONETTE is based.

"Value" of Battle Outcomes

Referring te Figure 46 (V2889) which lists a step by step struc-
ture of the command decision process carried eut by the tacties reutine
we see we have reached step 4., But ene importamt step remains, In
step 5 we must combine the equipment and troop lesses and time comsumed
inte a single number which cam then represent on a relative scale the
"value" of that outcome., Clearly no detailed calculations are required,
but a profound and difficult judgment is inescapable., We may not deubt
that the company commander does indeed, by some ebscure process, add
dollars te time with lives at this stage in his deliberations. Se must
we. Without suggesting that there is available the comprehensive
studies which will be required to effect such judgments, it is instruc-
tive te coensider the initial orders our company cormanmder msy have
received from his superier. He may have been told, "Yeu must get te
the tep of that hill in twe heurs. Everything depends wpem it." Or
"Your objective is the tep of the hill. But tomerrew we will be
attacked by the enemy reserves, Therefere you should try, if at all
possible, te keep your lesses teo 10 percemt." Such statements unmis-
takably provide the basis on which our company commander will make this
final "calculatiom.” The general significance ef such "value" concepts
is discussed by N. Smith (ORO) in "A Caleulus fer Ethics: A Theory of
the Structure of Value", Behavieral Sciemnce, Vol, I, Ne. 2 and 3, 1956.

The remaining twe steps are now simple and straightferward. Im
step 6 one of the remaining alternatives is selected either because it
has the highest "value" te Blue or (particularly in the case of the
junier commanders) the selection is made by treating the ratings as

probabilities.

In step 7 the necessary transiation is made between the form in
which the tactical decisien calculations were carried cut and the form
required to implement the combat element calculations. Here, for
example, intermediate terrain objectives are assigned which will cause

subordinate units to move generally aleng the curved assault reute
selected. Here alse values of the "a" coefficients and similar para-

meters are selected which will cause appropriste elements te remain in
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pesitio.i and previde covering fire. Note that this requires that
alternative sets of such values be previeusly stered in the computer

se that one may be selected at this stage,

Initiation of Cemmand Decision

The abeve procedure for effecting a cemmand decision is suffici-
ent to start the battle., It is necessary, however, te previde the
criteria for initiating additional eommand decisions. Simple measures
suggest themselves, For example, a company commander may be required
to initiate a command decision calculation if (1) his own casualties
reach seme threshold value, or (2) if the assault unit fails te meet

time deadlimes, er (3) if units start running eut of ammunitiom, er (4)

if stated numbers of previously undetected enemy units emter the
Thus the tactics routine must have supplied te it centinweusly

battle.
throughout the battle summary statisties concerning the course eof the
battle, limited of course by the effectiveness of the cemmunics ons
system. A cemplets tactical decision is then imitiated only when one

of these threshelds is passed.
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APPLICATION

It is estimated that the complete battle just described will
take about 2 hours of calculations on the ERA 1103 computer and, in
a slightly modified form, within the order of 10 minutes on the
ERA 1103A computer. We may, therefore, expect to be able to play
from some hundreds to the order of 10,000 battles., Efficient
utilization of this capacity will require, of course, careful
attention to the statistics of experimental sampling procedures

which I have not discussed at all,

CARMONETTE vis-a-vis Field Experiments

It is obvious that the application of CARMONETTE requires the
generation of an enormous quantity of input data. Further, the
ma jority ¢f the man-weapon performance data can only be accurately
determined by costly field experiments which themselves are "reason-
able" approximations of combat conditions. However, it would be an
oversimplification to suggest, either, that a program of extensive
field experiments is merely the servant of a series of tactical war
games, or that nothing can be done with a tactical war game such as

CARMONETTE without field experiments,

It is more meaningful to consider tactical war gaming and field
experiments as equal and complimentary components of a rational
program for the investigation of military problems. Each has the
capability of increasing the productiveness of the other program.
The tactical war game provides a theoretical structure which sheds
light on what constitutes desirable and fruitful experimental
programs., The results of field experiments will provide improved
input data for the theoretical models and provide the basis on which
the theoretical model- may be tested for error and corrected.
Neither comes firs* oth must be developed simultaneously to their

mutual advantage.

Interpretation of Battle Outcomes

The interpretation of the battle results which may be obtained
is itself a problem &8s difficult as the construction and playing
of the company sized games I have described. Essentially each series
of games will produce a measure of the cost of the operation(s)

under study in terms of equipment, trcops, and time, Selection of
preferred outcomes and therefore the identification of the preferred

weapon systems poses the same question of "value" as was posed
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during the commund decision calculations. This suggests two bases on
which the results of a computer battle may be interpreted. (1) The
battle is considered to be typical of a long series of battles. In
this case the question is merely one of vpearable levels of attrition,
(2) The battls may be a critical step in the implementation of some
higher leve! and very important wer plan. In this case the
significance of the results is not fairly measured by the losses
suffered during the battle but only by the contribution of the

battle outcome to the success of the higher level war plans., In
fact, we may expect that our primary concern will be battles of the
latter type since the weapon systems under study will include radical
doctrines and hardware with potentially drastic influences at every
level, 1If this is the case, then the interpretation of the results
of company sized war games will require the analysis of battalion
sized war games. The interpretation of the battalion sized war games
will require interpretation in terms of their influence on still
higher level war games, We have, therefo..e, a requirement for

tactical war games at all levels,

A Hierarchy of War Games

Figure 47 (V3185) extends this notion to its inevitable con-
clusion. The problems lesZi:x to military operations at every level
all involve the same degree c¢f uomplications as impelled us to apply
CARMONETTE to the company sized war game. We must therefore attempt
to construct a hierarchy of games, each taking as input the results
of analysis of a series of lower level games in combination with the

other factors to which we alluded in Figure 1,

We propose that a description of CARMONETTE as treating of a
company sized action is largely but a matter of interpretation. Thus,
if we choose to interpret the individual combat elements not as tanks
and infantry squads but instead as platoons of tanks and platoons of
infantry, with the grid squares as being 300 yards on the side, then a
CARMONETTE battle may encomnass a battalion, Ultimately we may have
sufficient data to permit interpretation of the individual combat
elements in CARMONETTE as divisions with each grid square 10 to 20
miles on a side, At this point, CARMONETTE might permit analysis of
complete tact.cal operations within a theater,

It is in this more general sense that the logical structure of

CARMONETTE is offered as a tool for the analysis of the effectiveness
of new weapon systems in their operational context -—- a tactical war-

gaming system applicable to all tactical levels,
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:raining

Although ORO is not directly responsible for the study of train-
ing procedures, it is easily seen that the CARMONETTE systsm of war
gaming can be applied to complerment a training program which in-
corporates war gaming (or command post exercises) as a means of
instruction or testing. In such an application the computer cal-
culations would serve two purposes:

l. Relieve the students of the necessity to maintain an
elaborate bookkeeping system;

2. Provide a vastly increased realism in the treatment of the
operation of subordinate units not otherwise played during

the exercise,

Any of a number of commercially available large scale digital
computers can be programmed to simulate battle based on the concepts
described above, However, mechanical or electrical additions to the
basic computing equipment would be desirable to improve the speed
and convenience with which the control group and student players may
communicate with the computer. Existing input-output equipment can
be adapted for this p:;g se, Of special interest is a "television-
like" projection syst to which the computer is directly connected
and which proJects the minute-to-minute status and position of all
subordinate units as the battle proceeds. The Red, Blue and Ccubrol
staffs can each, serarately, be in communication with the machine,
subject to the proper intelligence limitations. The operators could
then interupt the machine calculations at any time to inject new
orders or otherwise aliur the course of the battle calculations in
accordance with the purposes of the program of instruction,
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